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“Analytics”

The discovery and communication of
meaningful patterns in data.

There is extensive use of mathematics and statistics, the use of
descriptive techniques, and predictive models to gain valuable

knowledge from data ...
... for example ...

Business Analytics, Customer Analytics, Market Analytics, Fraud Analytics, Risk Analytics, Human Capital
Analytics, Operations Analytics, Business Analytics, Customer Analytics, Market Analytics, Sales Analytics,
Customer Services Analytics, Banking Analytics, Communications Analytics, Health Analytics, Insurance
Analytics, Public Service Analytics, Retail Analytics, Learning Analytics, Web Analytics, Predictive Analytics,
Prescriptive Analytics, Climate Analytics, and Analytics Analytics.




“Data Mining”

The analysis of large quantities of data to
extract previously unknown interesting patterns.

There is extensive use of mathematics and statistics, the use of
descriptive techniques, and predictive models to gain valuable

knowledge from data ...
... for example ...

Business Data Mining, Customer Data Mining, Market Data Mining, Fraud Data Mining, Risk Data Mining, Human
Capital Data Mining, Operations Data Mining, Business Data Mining, Customer Data Mining, Market Data Mining,
Sales Data Mining, Customer Services Data Mining, Banking Data Mining, Communications Data Mining, Health Data
Mining, Insurance Data Mining, Public Service Data Mining, Retail Data Mining, Learning Data Mining, Web Data
Mining, Predictive Data Mining, Prescriptive Data Mining, Climate Data Mining, and Data Mining Data Mining.




“Analytics”

" H ”
Google Analytics Analytics

Google
Trends —-MJ\“
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“Big Data”

Hadoop, MapReduce,
Cluster Computing, Big
Data, Unstructured
Data, Event Processing,
Visualization ...

y

“Data Mining’
Database, Artificial /

Intelligence, Bayesian Neural
Networks, Genetic Algorithms,
Machine Learning ... “Database”

It’s all about scalability. )
At scale, even simple things g?;g\'/i‘:s,,e
become hard, even simple
things become useful ...




“Analytics”

We’re working on the the technology
framework for climate analytics.

Right now, our analytics are simple ...




“Big Data”

Climate science is a Big Data domain.
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Think friction and resonance ...

Data bigness depends
on ease of use for

the type of questions
being asked ...

... and a particular
technology may or
may note help.
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Think friction and resonance

Data bigness depends
on ease of use for

the type of questions
being asked

and a particular
technology may or
may note help.

Voo

dwesfe

Query:

Searching “Inbox

“garage”

200

garage - Google Search

<> ) () (O (2] (L[S s garoe

cl

Autoscroll _Climate Data...erface (AP) WebApp RECOVER Client ISFS CMAC Wi-Fi Radio.

P JLS< Speediest NASA™ Apple Disney ESPN Yahoo! [

Google  garage

High F viction—4 T

High Friction

B Home | Organize
Folder  Subfolders AllNail Al kems

v NasA

D onts
(23 senteems
> 3 Deleted tems
(3 Junk E-mail
v (3 savep
(3 AseT
(5 ABove
@ ceus
e
wemc
(0 verra
(3 Recover
(3 Deleted Messages
(23 orafs 015 @ NAS)
(S saved
(3 sent Messages.
[ sent Messages (LS @ NASA)
4@ subscribed public Folders
v ac
2 waox
(D onts
53 sent Messages.
> 53 Deleted Messages.
(g unk
> [ saveo
» (0 AseT
53 Notes
» ([ scusa
(0 standard

» ON MY COMPUTER

» SMART FOLDERS

e

. Dlrweved + § mporam B

= =
From  Subject Atachment SentTo [ DateSent * | Unread

Arrange 8y: Conversations Newest on Top +

No Results

Fiagged

Categary

G aga  subiect garage

f

from  garage

to garage
" received garage
category garage

Google:

Web  Maps Images  Shopping  Videos  More~  Searchtools

‘About 255,000,000 results (0.36 sect

Garage® Clothing - Shop Cool & Casual Garage Clothing
www shopgarageoniine.comiClot

Free Shipping on Orders Over $50!
Clothing on Sale
New Arivals

Spring Lookbook
‘Shop All Denim

Garage.ca - Created in Montreal
‘wwew shopgarageonine.com/ ~

Save with Prefab Garages
wwwo\ymmabmmmns com/garages ~
(855) 99

Offeing Comme\e & Cost-Effective
Buikdings. Request a Quote Today!

Usa Garage Solutions

Garago offers casual fashion fo teen girs. Shop our ot
garage ca
Tops Sale
Shop Garage tops for the hottest Buy Garage Sale at garage ca.
graphic tees, tanks and cams ... Created in Montreal, and ..

More results from shopgarageoniine.com »

0 Cherry Ln #52
Laurd, MD
32820

Gunpowder Garage
plus.google.com

2Google reviews

Clopay ®) 8260 =, uxent Range
www.clopaydoor.com

Google+ page.

Map results for garage

Gunpowder Garage - Laurel, MD | Yelp
winyelp.com > Automotive » Auto Repair * e, Inc

ek Ak Rating: 5 - 10 roviews

10 Reviews of Gunpowder Garage "I saw all the amazing reviews on Yelp and decided
1o give them a try when the AXCin my car went out uring the recent heat

Gunpowder Garage, Laurel MD | Car Talk - Mechanics Files
cartalk.com» Mechanics Files ~ Car Talk
Gunpowder Garage. 5 out of § stars 7 Reviews; 8660 Cherry Ln, #52, Laurel, MD

e ———

(677)579.5048
Garage Door & Opener installation.
Repair. Residential. Commercial

Steel Garage Kits On Sale
www saferwholesale.com/ ¥

(866) 606-3091

Quallty Steel Garage Kis. Easy to
Assemble. Call 24/7 We'e Open.

Prefabricated Car Garages
wwwshedsuniimited. et

(€77) 9156327

One, Two and Three Car Garages to
PA,NJ, NY, DE, MD, VA, WV and more

Pole Building Garages
wwwlovepolebuidings.com/ +
(677) 3610598

Custom Builtand DIY Pole Buikings
Need more room for your stuff?

Amish Made Garages
wwwbackyardandoeyond nel/
Quaiity Handcrafted Garages
Gustom Made To Fit Your Needs

Steel Buildings Huge Sale

255,000,000 results in 0.36 secs.

Outlook: No results, about as fast.
(You have to select the folder to search!)




Think friction and resonance ...

Data bigness depends
on ease of use for

the type of questions
being asked ...

Successful
interactions with
data result when

a resonhance
relationship sets
up between
data,
technology, and
use ...
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Data

Relevance
Collocation

Data hawe to-be significant,
sufficiently complex, ands

physically or logically co-located
to-be interesting and useful ...

High-Performance
Compute/Storage Fabric

Storage-proximal analytics
Canonical operations

Datow can't move, analyses need
horsepower, and leverage requires
something akin to-an analytical

What awe the critical
resonoance elementy for
climate analytics?

Climate Analytics-as-a-Service

Exposure

Convenience
Extensible

Capabilities need to-be easy
to- wse and facilitate
conmmunity engagement and
adaptive construction ...




Climate Analytics-as-a-Service

MERRA Reanalysis

MERRA

The Modern Era
Retrospective-analysis

for Research and
Applications

Global Modeling
and
Office
Goddard Space Flight Center

&

Data

Relevance
Collocation

Data hawe to-be significant,
sufficiently complex, ands

physically or logically co-located
to-be interesting and useful ...

High-Performance
Compute/Storage Fabric

Storage-proximal analytics
Canonical operations

Datow can't move, analyses need
horsepower, and leverage requires
something akin to-an analytical

MERRA Analytic Services

problem data Worker Node1

Map
—)

Master Node Worker Node
2

uce

Worker Node
solution data n

Climate Data Services API
—

CDS CLI

CDS Library

CDS WS Client

Exposure

Convenience
Extensible

Capabilities need to-be easy

to- wse and facilitate

conmmunity engagement and

adaptive construction ...




MERRA

MERRA Reanalysis Modern Era-Retrospective Analysis ESGF MERRA published variables
for Research and Applications = s - Description(Long Name)
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MERRA Analytic Services

MapReduce

MapReduce is a framework for processing

parallelizable problems across huge datasets

using a large number of computers.

Computational processing can occur on data
stored either in a filesystem (unstructured) or
in a database (structured).

MapReduce can take advantage of locality of
data, processing data on or near the storage
assets to decrease transmission of data.

"Map" step: The master node takes the input,
divides it into smaller sub-problems, and
distributes them to worker nodes. A worker
node may do this again in turn, leading to a
multi-level tree structure. The worker node
processes the smaller problem, and passes
the answer back to its master node.

"Reduce" step: The master node then collects
the answers to all the sub-problems and
combines them to form the output - the
answer to the problem it was originally trying
to solve.

Cluster / Node Configuration

36 node Dell cluster,
576 Intel 2.6 GHz
SandyBridge cores,
1300 TB raw storage,
1250 GB RAM, 11.7
TF theoretical peak
compute capacity.

FDR Infiniband
network with peak
TCP/IP speeds >20
Gbps.

MERRA Analytic Services

problem data Worker Node1

Map
—

Master Node Worker Node
2

uce

Canonical Ops Library

» We're also creating a small set of canonical near-

storage, early-stage analytical operations that
represent a common starting point in many analysis

workflows in many domains. For example, avg, max,
min, var, sum, count operations of the general form:
result <= avg(var, (to,t1), ((X0,¥0,20),(X1,y1,21))),

that return, in this example, the average of a
variable when given a variable name, temporal
extent, and spatial extent ...

Averages over time, space, and elevation can be
performed now for all MERRA variables.

Hadoop File System Organization

» Total size of the native, compressed NetCDF MERRA
collection in a standard filesystem ~80 TB.

Native MERRA files are sequenced and ingested into
the Hadoop cluster in triplicated 640 MB blocks.

Total size of MERRA/AS HDFS repository ~480 TB.

Much of the MapReduce work has been building the
code ecosystem to manage multidimensional binary
NetCDF files ...

solution data

e 5621 lines of MapReduce code behind avg operation ...




Climate Data Services API

CDS Reference Model

Ingest — Submit/register a Submission Information Package (SIP).

Query — Retrieve data from a pre-determined service request
(synchronous).

Order — Request data from a pre-determined service request
(asynchronous).

Download — Retrieve a Dissemination Information Package (DIP).
Status — Track progress of service activity.

Execute — Initiate a service-definable extension. Allows for parameterized
growth without API change.

CDS Library
Class CDSLibrary(object):

def order(self, service, parms):
cds_ws.order(service, parms)

def avg(self, service, parms, destination):
sessionld = cds_ws.order(service, parms)
= cds_ws. vice, sessionld)
..-.... Loop until result is available
cds_w: vice, i

CDS CLI

Welcome to the NASA GSFC CISTO Climate Data Services (cds).
Type help or ? to list commands.

(nasa-gsfc-cisto-cds) order MAS parms!
GetAverageByVariable_TimeRange_SpatialExtent_VerticalExtent
&operation=avg&variable_list=T&start_date=201101&end_date=201102&a
vg_period=2&min_lon=-125&min_lat=24&max_lon=-66&max_lat=50&start
_level=13&end_level=13'

(nasa-gsfc-cisto-cds) ite HADOOP mapreduce jarl/op! /bin/cds-
preduce.jar inputP P q-inp /2011 outputPath!/
opYeds/merra_2011_mr_seqout/npana

CDS Client Stack

e The MERRA/AS project has been the

starting point for development of the
NASA Climate Data Services (CDS)
Application Programming Interface (API).

The CDS client stack can be distributed
as a software package or used to build a
cloud service (SaaS) or distributable cloud
image.

This approach to API design focuses on
the specific analytic requirements of the
climate sciences and marries the
language and abstractions of collections
management (OAIS) with those of high-
performance analytics (MapReduce) ...

CDS Applications

[gtamkin@localhost python]$ more ./user_app_ext.py
from cds import CDSApi
cds_api = CDSApi()

service = ‘MAS’
north_american_parms =
‘GetAverageByVariable_TimeRange_SpatialExtent_VerticalExtent
&operation=avg&variable_list=T&start_date=201101&end_date=201102&a
vg_period=2&min_lon=-125&min_lat=24&max_lon=-66&max_lat=50&start
_level=13&end_level=13"

g-out’

Class UserAppExt(object):

i P

if_name__=="'_main__"
sessionld = cds_api.avg(service, north_american_parms, destination)

print "processing complete for =" + filename

15

Climate Data Services API

B _— —

CDS CLI

CDS Library

CDS WS Client

CDS Scripts

#lusr/bin/env python
import time

from CDSLibrary import CDSApi
from wei_input import WElInput
wei_exp = WElInput()

# The rest of the file is run by the Python interpreter.
__doc__ =""This string is treated as the module docstring.""

service = wei_exp.getService()
catalog = wei_exp.getinput()
destination = wei_exp.getDestination()

cds_lib = CDSApi()
logger = cds_lib.getLogger()

start_time = time.time()
logger.debug("Generating: ca_avg_temp®)
input = cds_lib.encode(catalog['ca_avg_temp_dictionary®])

cds_lib.avg(service, input, destination)

exit()




So What? Where’s the Resonance?

» Air Temperature, Precipitation / Avg, Max, Min / 1979-2014 /
monthly means, 3-hourly

tics and Space Administration

Find and order from archive (hrs?)
Transfer ~100 GB (~1 hr, depending)
Client-side clip/compute using GrADS
1-1.5 days

Server-side clipping using OPeNDAP
(single stream op, time ??, > 2 mos)

« Traditional: Arctic-Boreal

Vulnerability
Experiment

Signin | My Account | Sign Out

Climate change in the Arctic and Boreal region is unfolding faster than anywhere else on Earth, resulting in reduced Arctic sea
ice, thawing of permafrost soils, decomposition of long- frozen organic matter, widespread changes to lakes, rivers, coastlines,
and alterations of ecosystem structure and function. NASA's Terrestrial Ecology Program is in the process of planning a major
field campaign, the Arctic Boreal Vulnerability Experiment (ABoVE), which will take place in Alaska and western Canada during

MERRA/AS:

Server-side clip/compute (~24 hrs)
Transfer final product ~1.5 GB

Takes about as long, but the scientist is free to work on other things ...

2.56+02

Quick People Search

26€402 276402 286402 3.0E002
Air Temperature (K)

the next 5 to 8 years. ABoVE will seek a better

and resilience of

changing environment.

and society to this

Announcements

» ROSES 2014 Released

» Special Issues:
Posted Jan. 17, 2014
» Environmental Research Letters issue on
Permafrost

» Ecological Applications issue on Trajectory
of the Arctic

» Environmental Reviews issue on Canada's
Boreal Zone

» Community comment on the concise experiment
plan draft will be solicted in the first quarter of
2014.

Posted: Jan. 6, 2014

NASA Ocean Biology and Biogeochemistry program
has announced the selection of a scoping study for
an coastal ocean field campaign compatible with
ABOVE Overview

Posted: Nov. 15, 2013

>Announcements Archive

Where Are We Now?

» ABoVE Timeline

» The ABOVE Science Definition Team is currently
preparing a concise experiment plan which will
serve to guide NASA's solicitation for the ABoVE
science team in 2014. The fourth face to face
meeting was held in Lanham, Maryland February
2014.

In July 2013 a team from the Carbon Cycle &
Ecosystems Office travelled to Fairbanks, Toolik
Lake and Barrow, Alaska evaluating existing site
infrastructure and logistics support resources.
Overview

In late August 2013, the second phase of site visits
took place in Yukon and The Northwest Territories.
The group visited a series of research stations and
had a wide range of meetings with local
government, native tribal leadership, and research
entities. Overview




THE UNIVERSITY OF TEXAS AT AUSTIN

Wei Experiment JACKSON

SCHOOL OF GEOSCIENCES

An Estimation of the Contribution of Irrigation to Precipitation Using MERRA

Wei team used MERRA data to study four intensively irrigated regions:
northern India/Pakistan, the North China Plain, the California Central
Valley, and the Nile Valley.

Seasonal rates of evapotransplratlon Wlth and WIthOLIt Irrlgatlon over the Where Does the Irrigation Water Go? An Estimate of the Contribution of Irrigation

. . .. . to Precipitation Using MERRA
studied areas were then compared to assess the impact of irrigation. IiNGrENG Were

Center for Ocean-Land-Atmosphere Studies, Calverton, Maryland

The data required for these calculations include precipitation, e e
evapotranspiration, temperature, humidity, and wind at different ' Dotk Wik
tropospheric levels at six-hourly time steps from 1979 to 2002.

MICHAEL G. BOSILOVICH

Global Modeling and Assimilation Office, NASA Goddard Space Flight Center, Greenbelt, Maryland

This early-stage data reduction—average values for environmental DAvID M. Mocko
variables over specific spatiotemporal extents—is the type of data o

24 May 2012,

assembly that historically has been performed on the scientist’s e
workstation after transfers from public archives of large blocks of data.

Wei, J., Dirmeyer, P. A., Wisser, D., Bosilovich, M. G., & Mocko,
D. M. (2013). Where does irrigation water go? An estimate of the
contribution of irrigation to precipitation using MERRA. Journal of
Hydrometeorology, 14(2), 271-289.




Wei Experiment

An Estimation of the Contribution of Irrigation to Precipitation Using MERRA
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Northward wind component (m/s)
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Specific humidity

Specific humidity (kg/kg)
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Air temperature (K)
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Wei, et al.

« ~8.4 TB transferred from archive to local workstation (weeks)
« Clipping, averaging performed by Fortran program on local
workstation (days)

MERRA/AS (Time trials in progress ...)

» Clipping, averaging performed by MERRA/AS (~28 hrs)
» ~35 GB of final product moved to local workstation

- Significant time savings in data wrangling,
- rapid screening over monthly means files takes minutes, and
- there's a possibility of folding Dr. Wei's modeling algorithm back into the CDS API ...




RECOVER

Rehabilitation Capability Convergence for Ecosystem Recovery

An Automated Burned Area Emergency Response Decision Support System
for Post-fire Rehabilitation Management of Savanna Ecosystems in the Western US

Keith T. Weber

GIS Training and Research Center
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RECOVER

« After a major wildfire, law requires that the federal land
management agencies certify a comprehensive plan for
public safety, burned area stabilization, resource
protection, and site recovery.

 These BAER plans are due within 14 days of containment
of a major wildfire and become the guiding document for
managing the activities and budgets for all subsequent
remediation efforts. =

« Post-fire rehabilitation NA‘F\ONALINTEF;AGENCY ;lnECENTER
planning is a data- AT - e
intensive process and
requires better access
to new types of data
products ...

e.g MERRA, SMAP, ...

% United States
g y Department of the Interior
Bureau of Land Management

BURNED AREA

EMERGENCY STABILIZATION
and REHABILITATION
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RECOVER

RECOVER is a site-specific decision support system bringing together all the
information necessary for post-fire rehabilitation decision-making.

Designed in close collaboration with the US Department of Interior Bureau of
Land Management (BLM) and Idaho Department of Lands (IDL).

Uses rapid resource allocation capabilities of cloud computing to

automatically gather data from various web services.
Earth observational data
* Derived decision products
* Historic biophysical layers

Automated data assembly provides operational partners a complete and
ready-to-use analysis environment customized for target wildfires.

RECOVER is transforming this information-intensive process by reducing
from days to a matter of minutes the time required to assemble and deliver
crucial wildfire-related data.

==
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-3 RECOVER_Zone
33 Wikfire Sites
@ (£ 2_5 Mile Fire 2013.07.02 16:05:09
@ (2.5 Mie Fire 2013.07.02 16:05:09 2013.09.16|
[ Charlotie Fire 2013.06.11 17:20:03
& () Crystal Fire 2013.05.17 01:41:21
@ (2 IncendiaryFire 2013.08.21 15:18:33
@ () Indendiary 2013.08.28 00:39:56
@ () IndendiaryCreekFire 2013.08.28 00:42:13
[ (C) Mabey Fire 2013.08.08 18:08:30
@ () Pony 2013.08.12 14:28:37
@ (] Rockhouse Fire 2013.05.16 14:10:25
@ (2] StateFire 2013.08.12 18:23:32
@ () StateFire 2013.08.29 2013.08.29 22:06:33
@ () Summit Fire 2013.08.07 18:45:19
@ (trash

RECOVER Server

RECOVER Server

RECOVER

rods RECOVER_Zone@ec2-184-73-12-67.compute-1.amazonaws.com:1247 | Sign Out &
s M

& SelectAll 7&:»-.2 ” Qnu- nw More Search By Name.
Name Resource Size Date Modified -
g] BioPhysicalSetting.tif RECOVER_Resc 51262 KB ‘September 19, 2013, 1:14 pm
[B) ESP_EnvironmentalSitePotential tif RECOVER_Resc 51262 KB September 19, 2013, 1:14 pm
3‘ EVC_ExistingVegCover.tif RECOVER_Resc 256.61 KB ‘September 19, 2013, 1:14 pm
[B) EVT_ExistingVegType.tif RECOVER_Resc 51262 KB September 19, 2013, 1:14 pm
g] FRCC_PercentDeparture.tif RECOVER_Resc 512.61 KB ‘September 19, 2013, 1:14 pm
3 FRCCxClass.tif RECOVER_Resc 51262 KB ‘September 19, 2013, 1:14 pm
g] Geology.tif RECOVER_Resc 256.61 KB ‘September 19, 2013, 1:14 pm
[B) HistoricFires_1936_2012.tif RECOVER_Resc 256.62 KB September 19, 2013, 1:14 pm
g] HistoricFires_pastDecade.tif RECOVER_Resc 256.62 KB ‘September 19, 2013, 1:14 pm
3 IdahoWetlandsNWL.tif RECOVER_Resc 256.61 KB ‘September 19, 2013, 1:14 pm
E] SMA_SurfaceManagementAgency.tif RECOVER_Resc 256.61 KB ‘September 19, 2013, 1:14 pm
3 SageGrouseHabitat.tif RECOVER_Resc 256.61 KB September 19, 2013, 1:14 pm
3] SoilKffactor.tif RECOVER_Resc 5126 KB ‘September 19, 2013, 1:14 pm
[B) Soil_Texture.tif RECOVER_Resc 256.61 KB September 19, 2013, 1:14 pm
g] “TopographyAspect.tif RECOVER_Resc 1MB ‘September 19, 2013, 1:14 pm
[5) TopographyElevation.tif RECOVER_Resc 5126 KB September 19, 2013, 1:14 pm
g] TopographySlopeDEG.tif RECOVER_Resc 1MB ‘September 19, 2013, 1:14 pm
[2) Topography_Aspect.tif RECOVER_Resc 128.61 KB September 19, 2013, 1:14 pm
E] Watersheds.tif RECOVER_Resc 256.61 KB ‘September 19, 2013, 1:14 pm
3 agroclimate_zones_RECOVER tif RECOVER_Resc 512,52 KB September 19, 2013, 1:14 pm
g] log - status: complete.bdt RECOVER_Resc 78.35 KB ‘September 19, 2013, 1:14 pm
 Page1 oft ,_,g

Bonjour ¥

RECOVER Client

RECOVER: Crystal Fire (Beta)

&8 naip.giscenter.isu.edu

Adobe_Connect ISFS RECOVER Server RECOVER Server (Dev)

vaza RECOVER: Crystal Fire (Beta) = ¢

Rehabilitation Capability Convergence for Ecosystem Re... —

For YouTube demonstrations, please see:

http://www.youtube.com/watch?v=L QKi3Ac7yNU

RECOVER Server
RECOVER Client
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http://www.youtube.com/watch?v=LQKi3Ac7yNU
http://www.youtube.com/watch?v=SGhPpiSYpVE

RECOVER

« More than a dozen agency collaborators participated in the Phase 1

feasibility study.

« The system was used in Idaho in six actual fires in the 2013 fire season.

« More than two dozen data layers assembled on average in 60 minutes.
~ 90 sec. to automatically gather 20+ layers
~ 60 min. to manually assemble the remaining specialized, site-specific layers

RECOVER
Response Time

Fire Start Date End Date Acres Burned (min) RECOVER Client URL
Crystal 15-Aug-06 31-Aua-06 220,000 N/A http://naip.giscenter.isu.edu/recover/CrystalFire
Charlotte 2-Jul-12 10-Jul-12 1,029 N/A http://naip.giscenter.isu.edu/recover/CharlotteFire
2 Y2 Mile 2-Jul-13 3-Jul-13 924 30 http://naip.aiscenter.isu.edu/recover/2nHalfMileFire
Mabey 8-Aua-13 19-Aug-13 1,142 120 http://naip.aiscenter.isu.edu/recover/MabeyFire
Pony 11-Aug-13 27-Aua-13 148,170 35 http://naip.aiscenter.isu.edu/recover/PonyFire
State Line 12-Aug-13 18-Aug-13 30,206 40 http://naip.giscenter.isu.edu/recover/StateFire
Incendiary Creek 18-Aug-13 n/a 1,100 90 http://naip.aiscenter.isu.edu/recover/IncendiaryFire
Ridaetop 28-Jul-12 n/a 16,616 4 http://naip.aiscenter.isu.edu/recover/Ridaetop v2fire/
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Late Breaking News

Nadeau’s Standardized Temperature Anomaly ...

« Period:

Collection:

Time span:

Coverage:

Levels:

Traditional:

MERRA/AS:

1 month
instM_3d_ana_Np

January — December 2011
Global

1 —42 (0.1 hPa — 1000 hPa)

Find and order from archive (hrs?)
Transfer ~10 GB (~15 min, depending)
Client-side clip/compute using GrADS
1-1.5 days

One line in a python script *
3 minute run time
Final product ~0.5 GB

* Will be added to CDS Library ...

January

Air te

mperature (K)
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(vns Climate Analytics-as—-a-Service

& Climate gov

acience B infomation for a dimate- st nao

Who’s interested? P

Global  US.Maps  Regional NOAA
Maps Maps

Energy

Education
Agriculture
Climate analytics
Insurance industry

Department of Interior

The White House (climate.gov)

Temperature
Sea Level Ocean Heat

Sun's Energy Glaciers Heat-Trapping Gases




Climate Analytics-as-a-Service

Next steps

« Beta testing, add other reanalyses

« Operational deployment via
Climate Data Services

o imate Uata services (CDS) Applicatin programming inseriace (AF)

@ (O] [£2) [+ 6 hupsd casnccsnasagor
Clmate Dat._erface ) WebApp RECOVERClen_ISTsCHAC_ Wi-riRado 17 LS ™ _Speedist_ NASA ™ Apple_Disney ESPN_Yahoo!

Advancing Research and Applications with NASA Climate Model Data.

‘ Introduction

in ur efors o adsess e i ata chalenges o lmat scence e re moving oward  ston f e
NASA Climate Data (cos 7). The of the combined

e e o3 A7t the Open Archive \ object-oriented
Programming APIs, 3nd Web 2.0 resorce-oriented APIS

OAIS is sponsored by the Consultative Committee for Space Data Systams (CCSDS): http/publicccsds.ora/publications/archive/650X0m2 paf &

Servicon:

DS srviesar salale by accessng the DS AL T COS AP carbo xsctadusog . a Python seript of ora ol featureg
Python appication. Tne COS cler

o Source Code Download Page
s e aaiaa, ionk Lok 100 17 Lo solonsed undo tho foblowisg dlsclaizers
& vy
- TEEC T FORMISNRD he T S ACTIORS S DVEER STOE COVEEIBIS, T34 THSTAMELTALITEES 0P ARG, EAPLOPELS D ACPRE WAKE 1O BAAANTY,
T2 . ILIED, A€ 1o 21 VRPULARER oF TUE SoPTIAR A SECIURVEATION S0 o SURRGRE. IS AGROE S5 SRFROREINILETY (1] POR THE
S5O 5 arian. M SOSNANAION, on (2 20 PAoV08 FONICN: SOPROR %0 ERd

Downioad Current Stable Release: ci_dlient_0.8.3.tar

Decompress the tar i (e.g. tar -xvf cds_client_version tar) and see the enclosed 'usage.txt for detaled usage.

‘ Requirements

« Intemat access
Pyhon 2.6+ (only required i accessing the CDS API via Python scrpts or applcations)
Internet browser (only requires i accessing the COS AP1 vi direct web service URLS)

Project Documentation

> Frosec tnfomatien ‘C imate Data Services - Application Programming Interface

f 5 rogramming

CDS-API-Method-Overview:

the set o actions (e.5, methods) that can be requested.

No. of Pages 15, Model 5G

Environment and Urban Sy
Contents lists available at ScienceDirect
Computers, Environment and Urban Systems

journal homepage: www.elsevier.com/locate/compenvurbsys

MERRA Analytic Services: Meeting the Big Data challenges of climate
science through cloud-enabled Climate Analytics-as-a-Service

John L Schnase **, Daniel Q. Duffy®, Glenn S. Tamkin?, Denis Nadeau?, John H. Thompson®,
Cristina M. Grieg®, Mark A. McInerney?, William P. Webster?

“Office of Compurational and Information Sciences and Technology, NASA Goddard Space Flight Center, Greenbelt, MD 20771, United States
PNASA Center for Climate Simulation, NASA Goddard Space umumm Greenbels, MD 20771, United Sta
Department of Compurational and Data Sciences, George Mason Universiy, Fairf. VA 22030, United States

ARTICLE INFO ABSTRACT

Articte istory. Climate science is 2 Big Data d thatis vih. In our eff ddre:
‘Available online xoo0x the Big Data challenges of climate science, we are moving toward a notion of Climate Analytics-as-a-
Service (CASSS). We focus on analytics. because it i the knowledge gained from our interactions with
Keywords. Big Data that feiovecpuavides ause-
ful way of thinking about the problem: a 3pkual|xAuul| P concept of business process-as-a-service,
which 1s an evolving extension of 1445, Pass and Saas enabled by Cioud Computing, Withi this fra
work, Cloud Computing plays an important role; however, we see it as only one element in 2 constellation
s that are esseatial to delivering climate analytics as a service. These elements are essential
igregate they lead to generativity. a capacity for self-assembly that we feel is the key to
es in this domain. MERRA Analytic Services (MERRA/AS)is an exam-
ple. MERRA/AS enables MapReduce anal A
Modern-Era Retrospective Analysis for Research and Applications (MERRA) data collection. The MERRA
seanalysis iniegrates observational date with numerical models to Pruduw 2 global temporally and spa-
oo e e repreens 2 product thats o growing
e rese: s wide range of de
full, Aaas
Ldpahlhll() (1) high-performance, data proximal analytics, (2) scalable data management, (3) software
appliance virtualization, (4) adaptive analytics. and (5) a domain-harmonized APL The effe
MERRAJAS his been demonstrated in several applicaions. In our expericnce. Cloud Computing lowers
thel kto litates technol-
ogy transfer. " provides the agliy requird to meet our customers incresing and changing necds.
Cloud Computing i providing a new ti n the data services sack that hlps connect carthbound, enter-
pris: t I resources and ne and
ot af wrk. For chenie sclence.Cloud Computiog' capackty o engage comauities uu construc-
ion of new capabilities is perhaps the

Published by Esevies Lid

1. Introduction cannot be moved: instead, analytical operations need to migrate to
where the data reside: complex analyses over large repositories re-
‘The term “Big Data” is used to describe data sets that are too  quires high-performance (umputmg large amounts of information
large and complex to be worked with using commonly-available  increases the of m
tools (Snijders, Matzat, & Reips, 2012). Climate science represents  and discovery; migrating ccdes nd .malyu: products within a
a Big Data_domain that is experiencing unprecedented growth  growing network of storage and computational resources creates
(Edwards, 2010). NASA's climate change repositories alone are  a need for fast networks, intermediation, and resource balancing:
projected to grow to 350 petabytes by 2013 (Skytland, 2012). Some  and, importantly. the ability to respond quickly to customer
of the major Big Data challenges facing climate science are easy to  demands for new and often unanticipated uses for climate data
understand: large repositories mean that the data sets themselves  requires greater agility in building and deploying applications. It
is useful to situate the Big Data challenges of the climate domain
* Corresponding author. Tel: +1 202 316 9701 in this larger context, because doing so helps us understand where
E-mail address: [ohn 1 Schnase@NASA gov (11 Sthnase) innovation can yield improvements.
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